ABSTRACT: Metabolites of DDT were detected in five out of six major organs of adult blue crabs, Callinectes sapidus, collected from the York River, Virginia, during the summer of 1972.
Introduction

DDT
[ 1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethane] and its metabolites have entered all compartments of the world ecosystem due to their mobility, environmental stability, and affinity for biological materials, particularly lipids. Continued influx of DDT residues into marine areas is assured by virtue of 1) continuing worldwide usage of DDT because it is potent yet inexpensive, 2) eolian dispersal by global winds (Risebrough et al. 1968) , 3) accumulation and release of residues by marsh sediments (Woodwell, Wurster, and Isaacson 1967) , and 4) persistance of residues for over 15 years in sediments (Nash and Woolson 1967) . Numerous studies have documented the physiological and biochemical effects of DDT for a variety of organisms (see 1 This paper is based on a thesis presented to the faculty of the Department of Marine Science, University of Vkginia, in partial fulfillment of the requirements for the Master of Science degree. Contribution no. 658 from the Virginia Institute of Marine Science. 2Present address: Department of Oceanography, Florida State University, Tallahassee, Florida 32306. reviews by Cope 1971; Johnson 1968; Walsh 1972) .
In spite of the fact that DDT has been in use for over 25 years, the precise mode of action of DDT on aquatic organisms, as well as target insects, is still unclear. Nerve transmission interference (O'Brien 1966) , general disruption of cellular functions (Yarbrough and Wells 1971) , and inhibition of fundamental biochemical enzymatic processes (Davis and Wedemeyer 1971; Hansen 1972; Hiltibran 1971; Janicki and Kinter 1971) have recently been demonstrated. In general, organochlorine insecticides act as central nervous system stimulants in aquatic crustaceans. Acute exposure elicits hyper-irritability and wild swimming within a few hours, followed by loss of equilibrium, convulsions, and paralysis eventually leading to death in 24 to 96 hours (Eisler 1969; Mahood et al. 1970) . Pesticides have been found to delay or inhibit molting and development of the larval crabs Cancer magister, Leptodius floridanus, and Panopeus herbstii (Buchanan, Milleman, and Stewart 1970; Epifanio 1971 Epifanio , 1972 Metabolic decomposition of DDT to DDD and DDE, as well as other metabolites, by aquatic organisms has been documented (Johnson et al. 1971; Reinbold et al. 1971) . Although the systems responsible for the degradation of DDT in aquatic invertebrates have not been elucidated, the hepatic microsomal enzymes (particularly the NADPHdependent microsomal mixed function oxidases and cytochrome P-450) appear to be the detoxifying system in vertebrates (Adamson 1967; Mailman and Hodgson 1972) .
The blue crab, Callinectes sapidus, of the Atlantic and Gulf coasts of the United States supports one of the most valuable fisheries in the nation. Total yearly catch (pounds) of blue crabs in the Chesapeake and South Atlantic regions of the U. S. usually exceeds all other fish and shellfish except menhaden (Tagatz 1965; National Marine Fisheries Service 1972). The effects and body burden of a persistent organochlorine pesticide such as DDT in blue crabs are thus important from biological, economical, and public health standpoints. Environmental exposure of blue crabs to DDT has so far been treated peripherally. An initial report (Sandholzer 1945) recognized no adverse effects on adult blue crabs. Recent experiments have demonstrated the inability of juveniles to cope with sublethal DDT exposure (Lowe 1965) as well as the acute toxicity of DDT towards adults (Mahood et al. 1970 ).
The present study documents and examines the accumulation and biotransformation of water-borne DDT by the gills, hepatopancreas, gonads, heart, claw, and backfin muscles of adult blue crabs. Specific aspects investigated were 1) present DDT, DDD, and DDE residue levels in these organs of crabs from the York River system, 2) accumulation of DDT in body organs following acute exposure to DDT, 3) residue transfer between organs through time, and 4) rates of metabolism and loss of DDT and its metabolites from blue crab organs.
Materials and Methods
Each DDT exposure was conducted in filtered, aerated York River water adjusted to 15 o/oo salinity and 20.5 C, thus ruling out possible effects of salinity and temperature changes on the water-lipid partitioning of DDT (Mahood et al. 1970; Murphy 1970; Cox 1971) . Exposure tanks were covered, 75 liter fiberglas pools. Intermolt males and terminal intermolt females (C4 and C4T, respectively, of Passano 1960) of similar sizes were collected from the York River near the Virginia Institute of Marine Sciences, Gloucester Point, Virginia. Carapace widths ranged from 120 to 167 ram. All test crabs had their full complement of limbs and were acclimated to 15 o/oo and 20.5 C for at least 48 hours prior to DDT exposure.
Technical DDT dissolved in 10 ml acetone was introduced via pipet beneath the surface of the water in amounts calculated to yield nominal concentrations of 0.01, 0.1, and 1.0 ppm DDT. A control population received 10 ml acetone only. Each population consisted of 20 males and 20 females, although only 8 males and 8 females from each test were analyzed. The crabs were exposed to DDT for 12 hours then removed to wooden cages floating just beneath the surface of the York River. Cages were compartmentalized to permit free water flow yet prevent cannibalism. Each crab was fed one juvenile fish (Leiostomus xanthurus, average 61 mm fork length) daily. Fishes were not analyzed for pesticides.
Two males and two females were taken for analysis from each population at the following intervals: 0 (just prior to DDT exposure), 12, 96, and 240 hours after DDT application, except after exposure to 1.0 ppm DDT where the schedule was 0, 12, 144, and 240 hours. Carapace width was measured and the following organs were resected from each crab and placed in separate glass vials: gill, hepatopancreas, gonad, heart, claw, and backfin muscles. The
